By using empirical orthogonal function (EOF) and statistical analysis methods expansion, the paper analyzed the daily and monthly data of the ASCAT satellite in the Taiwan Strait in 2016 to explore the seasonal variation characteristics and spatial pattern of the sea wind field in the Taiwan Strait. The results showed the sea surface wind field of 2016 in the Taiwan Strait had obvious seasonal change with a trend of decreasing after increasing firstly throughout the year of 2016, the wind speed decreased from January to June, and increased from June to December through the whole year. The EOF expansion of wind speed showed that the maximum center of outliers deviation existed in the narrow straits of Taiwan Strait and distributed along the coastline from the first modal space pattern, revealed the influences of Taiwan island topography were obvious. Furthermore, the winter-summer monsoon oscillation was reflected from the time curve of the year of 2016, and the typhoon influence signal could be well corresponded in details, shown as strong amplitude in the time curve. The spatial pattern of second modal presented in zonal distribution, characterized by reverse structure from south to north. The EOF expansion of wind direction showed the spatial pattern distributions of the first and second modals were zonal, and the maximum center of outliers deviation existed in the north and south sides of Taiwan island affected by the island terrain, in particular, the typhoon influences on the direction of the wind were obvious from the time curves.
INTRODUCTION
Monitoring and analysis of the sea surface wind was critical to understanding the interactions between the oceans and the atmosphere and the related research in the field of oceans and the atmosphere [1] . In marine and atmospheric science research, the sea surface wind field was one of the important factors in determining the energy exchange between the ocean and the atmosphere. It was also one of the basic elements of meteorological and marine environmental forecasting [2] . In the past, the conventional observation system for obtaining the data of the measured wind field in the sea was mainly ships, sea buoys and coastal and island stations. There were few real-time wind data on the sea, such as ship and buoy, and so on. So it was very difficult to meet the meteorological business needs, forecast and service needs more dependent on satellite inversion wind field and numerical forecast, the rapid development of satellite remote sensing technology to obtain a large area of sea surface wind information provided the possibility of strengthening the satellite remote sensing The study of the wind field was conducive to improving the forecast and operational level of future sea surface winds [3] .
Satellite-based scatter meter provided a unique means of satellite remote sensing for sea surface wind field observations. The spaceborne scatterometer emits microwave pulsed to the surface of the earth and measures the backscattering power. The radar backscatter coefficient was used to invert the sea surface wind information indirectly by the different responses of the sea surface roughness at different wind speeds and multi-angle observations [4] . In June 1978, the US National Aeronautics and Space Administration (NASA) launched the world's first spaceborne scatterometer SEASCAT / SASS, launched in July 1999, the polar orbit satellite QuikSCAT greatly promoted the scatterometer inversion of wind field data in weather analysis, prediction and numerical model applications [5] . The ESO launched the MetOp-A and MetOp-B satellites in 2006 and 2012 respectively, and the ASCAT scatterometer continued the technical advantages of the QuikSCAT space borne scatterometer and has been operating today [6] . At present, domestic and international used of satellite scatterometer ASCAT data for extensive research and application, as the sea surface wind field monitoring and analysis of numerical prediction of the initial field of assimilation of important data [7] [8] .
In recent years, many meteorological workers in China had studied the ASCAT inversion of the wind field in the Chinese sea area. The results showed that the ASCAT reversal wind field had good accuracy and had good agreement with the buoyant wind speed. Due to the influence of the terrain of Taiwan Island, the spatial pattern of the sea surface wind field in the Taiwan Strait sea area was complicated and the seasonal variation was large. In the past, satellite data was more focused on the accuracy of meteorological observation data [9] [10] , less analysis of the temporal and spatial characteristics of the sea surface wind field in the Taiwan Strait. The spatial and temporal changes of the Taiwan Strait wind field based on EOF methods and ASCAT satellite data are studied in the study, which had very important significance on economic and trade exchanges and fishery production.
DATA AND METHODS
The data were used as ASCAT satellite remote sensing data, the working frequency was 5.255GHz, the backscattering coefficient was used to detect the roughness of the ocean surface, and then the wind speed and wind direction of the ocean surface were reflected. This data is from the daily and monthly mean wind field data of ASCAT for the whole year of 2016 issued by EUMETSAT. The data are processed by the new geophysical model (C-2015) , and the quality control is used to study and use the missing data.
EOF was a widely used multivariate statistical technique in meteorological and oceanographic data analysis, which was the main method to study the temporal and spatial characteristics of climate and ocean factor variables. The empirical orthogonal function had m spatial points (which could be grid points, stations, etc.). Each spatial point hadn observations (usually observed at different times), each data was expressed as xij,i = 1, 2, ⋯ , m ；j = 1, 2, ⋯ , n. xj was the j actual space field, written in matrix form as followed:
The empirical orthogonal expansion was to decompose X into two parts: the time function Z and the space function V:
v j =(v j1 v j2 …vjm)T was the j typical field, whichwas only a function of space.
Z was the function of time, uniquely determined by V and X, z 1 , z 2 , ⋯z m were called the coordinates of vector X under base v 1 ，v 2 ，…，v m . Assuming the j actual space field x j was only larger on the former K basis vectors, which could be concluded that:
ε was the residual error vector when K was expressed as followed:
To measure the accuracy of using the K base vectors, the sum of squares of errors on all components was used before expressing x j :
The orthogonal vector should be found so that x1, x2, ⋯ , xn were expressed as accurate as possible, and the precision of the expansion could be expressed by the mean of the squared sum of the errors of all the actual spatial field vectors. E(K) was the sum of the total errors of the field in the field. 
（7）
Obviously, for a given set of vectors x1, x2 , ⋯ ,[ xn]， E(K) in the m-dimensional space depended on the selection of v1 , v2 , ⋯ , vK. The principle of EOF was to select the orthogonal basis vector one by one, that was to select v1 so that E(1) to a minimum, select v2 so that E(2) to a minimum, and so on. The empirical orthogonal decomposition was the minimum error in the total error of the field seeking in the expansion process.
Empirical orthogonal function (EOF) was a method to extract the main data feature quantity by analyzing the structural features of the matrix data. The spatial eigenvector (spatial modality) reflected the space of the element field to a certain extent Distribution characteristics, the time coefficient reflects the corresponding spatial mode with the weight of time changes in the field of climate research widely used. In this paper, EOF analysis of wind speed and wind direction was carried out to explore the fine change characteristics of the Taiwan Strait. In addition, the regional statistical method was used to analyze the average wind speed and frequency of the Taiwan Strait wind field. In the EOF analysis process, the daily wind field data were sampled from the level and normalized, and the eigenvalue error range calculation method proposed by North was tested. After calculating the wind speed and wind direction EOF decomposition, the two modes were passed the significance test.
RESULTS ANALYSIS Sea Surface Wind Velocity Statistics Histogram
The ASCAT daily windspeed data in 2016 years in the Taiwan Strait waters were calculated by regional averaged method, the climate regions were divided into southern sea of the strait 
EOF Feature Analysis
From table 1, the variance contribution rates of the five modes of wind speed and wind direction by EOF analysis were given. It could be seen that the contribution rates of the former two modal variance variants of the wind speed of the Taiwan Strait were more than 75%, and the two modal cumulative variance contribution rates of wind direction were more than 47%. The first mode of EOF was the main mode, and the contribution rate of deviation was 66.26%, which reflected the main characteristics of sea wind distribution in the study area. It could be seen that there was a positive center in the Taiwan Strait (positive and negative centers represent the degree of deviation of anomalies) from the first modal space field (Fig. 2a) . Furthermore, there were positive centers lied in the northern and southern sides of the Taiwan Island and the eastern sea (near 124° E). As a whole, the distributions of positive centerswere presented along the coastline, showed a significant impact by the Taiwan island terrain. From the time curve (Fig. 2c) , the valuewas positive in winterand was negative in summer, and the overall performance was the winter-summer monsoon oscillation from a whole year, which meet with the basic feature of East Asian Monsoon. From the time characteristic analysis of the time coefficient, the oscillation period was 3 ~ 10 d, and the large oscillation amplitude of curvewas located in the typhoon season (around July 20, 2016, September 8 to November 5). As we all know, the typhoons affecting the Taiwan Strait occurred in this period, such as typhoon "Nida", "Morante", "catfish" and so on. In addition, the other large amplitude of the curve occurred in the alternate periods. Compared with the first mode, the second modal variance contribution rate of EOF analysis was lower, and the variance contribution rate was only 9.42%. The positive center (20.6° N, 118.3° E) and the negative center (27.8° N, 122.5° E) were distributed along the island respectively. The reverse structures of spatial distribution were located at the north and south ends of the Taiwan Strait from the second modal space (Fig. 2b) .The reverse structure dividing line crossed the Taiwan Strait (near 24° N). The time curve oscillated up and down at zero value from the figure (Fig. 2d) , and the amplitude was generally small. The oscillations were relatively significant when the transition period from winter to spring and from summer to autumn, which was not sensitive to the impact of typhoon.
The first mode deviation contribution rate of wind direction from EOF analysis was 31.62%, the second modal contribution rate was 16.02%, and the significance of wind direction was lower than that of wind speed. In the spatial pattern, the first mode (Fig. 3a) and the second mode (Fig. 3b) showed significant zonal distributions, where the positive center of first modal (21.5°N, 119.5° E) was located in southern sea of Taiwan island, and the zero value area was located in the periphery of Taiwan island and Zhejiang and Fujian coastal area. In the second mode, the positive center (26.5° N, 122.8° E) and the negative center (21.2° N, 122.1° E) were located respectively at the north and south ends of Taiwan island. By the influence of the terrain of Taiwan Island, the prevailing monsoon would have windconvergence or divergence when passing through the island, which causedthe wind direction deviation changed between the north and south sides of the island, while the deviation degree of wind direction in the Taiwan Strait was relatively small. On the time curve, the first mode (Fig. 3c ) and the second mode (Fig. 3d ) showed the characteristics of speed direction, which was relatively small in early spring and winter, relatively large in summer and autumn. Affected by the northeast wind control, the speed direction was stable for the northeast in the study area in winter and spring (early January to early April, late October to the end of December). Due to the south southerly and southwest wind at the same time, the wind direction of this period changed greatlyduring the spring and summer and summer and autumn alternation. It was worth noting that the impact of typhoon wind on the signal in the time curve was very prominent, while the maximum amplitude of the oscillation occurred in the typhoon period.
CONCLUSION AND DISCUSSION
By using the EOF analysis method and statistical method to analyze the daily and monthly wind field data of ASCAT in 2016, the following conclusions were obtained:
1) The wind speed results of EOF analysis showed that the first modal spatial pattern indicated that there was a positive center in the narrow regions of the Taiwan Strait, reflected by the significant impact on the terrain of Taiwan Island, the trend of deviation distribution was along the coastline. In the time curve, the characteristics was consistent with the winter-summer monsoon oscillation type, and the typhoon influence signal could be responded in the time curve in detail, while the amplitude was stronger than others. The distribution of the second modal spatial pattern was zonal distribution showed with the north and south inversion structure.
2) Compared with the wind speed, EOF analysis results of wind direction were significantly lower, and the spatial patterns of the first and second modal were zonal distribution. Affected by the Taiwan island terrain, the areas of large abnormal deviation lied in the northern and southern side of island, and the typhoon had a significant effect on the wind direction change in the time curve.
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